The substitution of biarylphosphine ligands was shown to have a marked impact on the a/b selectivity of the arylation of ester enolates. To get further insight into this effect, the solid-state structures of arylpalladium bromide and malonate complexes with four different biarylphosphine ligands were obtained by X-ray diffraction analysis. Structural differences were not very pronounced except for the conformationally restricted CPhos ligand, which showed a bidentate coordination mode in the oxidative addition complex, whereas the other ligands form dimeric species.
INTRODUCTION
The achievement of catalyst-controlled site-selectivity in catalytic transformations is a topic of increasing interest. 1 However, the rational design of selective catalysts is often hampered by a lack of precise information on substrate-catalyst interactions during the selectivitydetermining step(s). We have recently developed a Pdcatalyzed migrative arylation of ester enolates 2a-c and silyl ketene acetals, 2d which allows to functionalize remote C-H bonds of linear alkyl chains of esters. In this process, the arylation selectivity was shown to be both ligand-and substrate-controlled (Scheme 1). In particular, by testing a number of analogous biarylphosphine ligands on the arylation of isobutyric ester enolates (R 1 = Me), we found that the substitution pattern of the former had a great influence on the arylation selectivity.
2b Previous studies from Barder and Buchwald demonstrated the effect of binding modes and conformations of biarylphosphine ligands on elementary steps of various cross-coupling reactions.
3 Such effects are likely to operate as well in migrative cross-coupling reactions, hence a better understanding thereof should have important implications for the development of new variants.
4-5 Herein, we describe a structural study of model biarylphosphine-arylpalladium bromide and malonate complexes, which represents a first step toward this goal.
Scheme 1. a-vs. b-Arylation of Ester Enolates

RESULTS AND DISCUSSION
Catalytic reactions with representative biarylphosphines. The effect of four representative biarylphosphine ligands on the selectivity of the arylation of the lithium enolate of tert-butylisobutyrate 1 with two different aryl bromides is shown in Table 1 . With mfluorobromobenzene 2a as the electrophile, ligand L 1 (DavePhos) 6 furnished an a/b (3a/4a) ratio of 47:53, in line with previous results (entry 1).
2a-b A similar ratio was obtained with second generation imidazole-based ligand L 2 (entry 2). 2c-d Ligand L 3 , 7 which is isosteric to L 1 , significantly altered the a/b ratio in favor of aarylated product 3a (entry 3). CPhos L 4 , bearing two NMe2 groups on the non-phosphine-containing ring, 8 had a dramatic effect on the selectivity, with 3a being exclusively obtained (entry 4). This is consistent with the fact that this ligand was developed to avoid Pd migration in Negishi-type cross-couplings. The same overall trend was observed with aryl bromide 2b bearing two strong electron-withdrawing CF3 groups at the meta positions (entries 5-8). Indeed, ligands L 1 -L 2 bearing only one NMe2 group mainly gave b-arylated product 4b (entries 5-6), whereas ligand L 4 gave 3b as the major product (entry 8), and ligand L 3 was somewhat in between (entry 7). However, the impact of the ligand on the arylation selectivity was less pronounced for aryl bromide 2b compared to 2a, in line with previous results. This is due to a higher degree of substrate-
controlled selectivity for aryl bromide 2b containing two strongly electron-withdrawing CF3 groups. Hence, the nature and number of ortho substituents on the nonphosphine-containing ring of ligands L 1 -L 4 have a marked effect on the arylation selectivity, thereby pointing to the influence of electronic and/or conformational factors within the Pd intermediates during the reaction. To further investigate these effects, ligands L 1 -L 4 were chosen for the preparation and study of arylpalladium bromide and malonate complexes. 4 were prepared in one step by addition of 2b to a 1:1 mixture of the appropriate ligand and (COD)Pd(CH2SiMe3)2 in THF at 20 °C, and they were isolated as pure solids in reasonable yields (48-86%). Aryl bromide 2b was chosen after initial investigations with 2a due to a higher stability of the corresponding bromide and malonate complexes (vide infra). Indeed, the strong electron-withdrawing CF3 substituents in 2b should stabilize the corresponding aryl-palladium complexes by strengthening the CAr-Pd bond. 10 The Pd-Cipso bond length of 2.467(3) Å in A 4 lies in the range of distances reported in these CPhos (2.478 Å) and BrettPhos-based complexes (2.439-2.527 Å). As expected, the Pd-Cipso interaction causes a pyramidalization at C16 and an elongation of the C16-C17 and C16-C24 aromatic bonds to 1.431(4) and 1.442(4) Å, respectively. In addition, the C24-N25 bond is significantly shorter (1.383(4) Å) than the other ortho C17-N18 bond (1.432(4) Å) and N25 is less pyramidalized than N18 (sum of the bond angles at N25 and N18: 355.0 and 338.6°, respectively), thereby indicating a nonsymmetrical participation of these nitrogen atoms to the bonding interaction with Pd.
11 In contrast to A 4 , complexes A 1 dim-A 3 dim do not show any real bonding interaction between Pd and the non-phosphine-containing ring of the ligand in the solid state. Indeed, the Pd atom shows no pyramidalization in A 1 dim-A 3 dim, with its coordination sphere being completed by the µ-bromo ligand, and the shortest distance between Pd and the nonphosphine-containing ring ranges from 3.06 (A 
i-Pr
Thus, the above structures highlight a significant On the basis of DFT calculations, we previously proposed that a-arylated products (3a-b, Table 1) arise from the reductive elimination of Obound Pd enolate C (Scheme 1).
2b On the other hand, the equilibration of C to b-agostic complex D opens up the b-arylation pathway, which proceeds through b-hydride elimination, rotation, insertion and reductive elimination. 2b Culkin and Hartwig showed that the stability of arylpalladium enolate-diphosphine complexes is inversely proportional to the substitution at the a carbon. 13 In accordance with these results, we were unable to isolate Pd enolates from the reaction of the potassium enolate of 1 with oxidative addition complexes ArPdLBr (L = biarylphosphine). As a consequence, we turned our attention to malonate complexes, as more stable surrogates of Pd enolates C-D. 14 We initially attempted to prepare such a complex from the oxidative addition complex, obtained from DavePhos L 1 and 1-bromo-2-fluorobenzene, that we previously reported.
2b Unfortunately in this case, we were not able to isolate the malonate complex, and observed the formation of the a-arylated product. Although it proved difficult to prepare malonate complexes that were sufficiently stable to be isolated and crystallized, we found that the presence of the two electron-withdrawing CF3 groups on the aryl ligand provided the required stability. Metathetical exchange between the potassium salt of dimethyl malonate (5a) and the bromide ligand in com- showing selected distances (ellipsoids at 50% probability, H atoms omitted for clarity). 3 , which should lower the energy barrier of C-C reductive elimination by virtue of steric decompression. [13] [14] This property allows to explain the high aselectivity selectivity in the arylation of t-butyl isobutyrate 1 with this ligand (Table 1) . Indeed, the two selectivity-determining steps were shown to be the a-reductive elimination and the olefin insertion with DavePhos L 1 as the ligand. 2b With a more rigid ligand such as CPhos L 4 , a-reductive elimination should become energetically more favorable and Pd migration less favorable, thereby favoring the a-arylated product (3a-b). Nevertheless, other factors must be involved, as shown with the selectivity differences observed among ligands L 1 -L 3 , which form structurally similar oxidative addition and malonate complexes. In particular, the hemilabile character of NMe2-containing ligands L 1 -L 2 seems to be an important parameter in showing selected distances (ellipsoids at 50% probability, H atoms omitted for clarity). , which is isosteric but lacks the nitrogen coordinating group. The current study does not allow to decipher this more subtle effect, and further investigations with more dynamic reaction models 3 will be conducted in the future to address this challenging issue.
CONCLUSION
This study represents a first step toward the understanding of the origins of the ligand-induced selectivity in the normal (a) vs. migrative (b) arylation of ester enolates. The solid-state structures of two types of arylpalladium complexes, i. e. oxidative addition and malonate, were solved with four representative biarylphosphine ligands. These data highlight the influence of the ligand rigidity, with CPhos (L 4 ) showing higher bidentate character and rigidity compared to ligands L 1 -L 3 bearing only one ortho substituent on the non-phosphine containing benzene ring. This rigidity (or conversely, flexibility) is likely a key factor in the control of the arylation selectivity.
EXPERIMENTAL SECTION
General Considerations. Reactions were performed under an atmosphere of argon with rigorous exclusion of moisture from reagents and glassware using standard techniques. Commercially available reagents were used without further purification unless otherwise stated. All bases, phosphines and palladium sources were stored in a glove box. Anhydrous solvents were obtained by distillation over calcium hydride (n-hexane) or sodium / benzophenone (THF, toluene). IR spectra were recorded on an FTIR spectrometer and data are reported in reciprocal centimeters (cm -1 ). NMR spectra ( 1 H, 13 C, 19 F and 31 P) were recorded on a 300, 400 or 500 spectrometer in CDCl3 (residual peaks 1 H δ 7.26, 13 
2 (199 mg) as the ligand. After evaporation of THF, n-hexanes were added and the reaction mixture was filtered. After evaporation of the filtrate, the title complex was obtained as a yellow solid in 46% yield, and was crystallized in CDCl3/n-hexanes. 1 
Synthesis of Potassium Dimethyl Malonate (5a).
Potassium dimethyl malonate was formed by the addition of 1 equiv of dimethyl malonate to a suspension of 1 equiv of KH in THF. The reaction mixture was stirred until no more degassing of H 2 was observed. Volatiles were removed from the resulting solution. The resulting solid was washed with n-hexanes and stored in the glovebox at -5°C. General Procedure B for the Synthesis of Malonate Complexes. A Schlenk flask was charged with potassium dimethyl malonate 5a (3.0 equiv) and THF and cooled to 0 °C. The oxidative addition complex (1.0 equiv) in THF was then added at 0 °C. The reaction mixture was stirred for 2 h at 0 °C. After removing the volatiles under vacuum, toluene was added. The solution was filtered by cannula transfer under a positive pressure of argon. The resulting solution was concentrated, and precipitation was attempted by the addition of n-hexanes. When the product did not precipitate, it was directly crystallized in NMR Young tubes with CDCl3/n-hexanes or C6D6/n-hexanes solvent mixtures. 
Complex B
